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Translate this text 

Subcarrier phase rotation is implemented in an OFDM transmitting apparatus to overcome problems 
such as, for example, non-frequency selective multipath fading. In at least one embodiment, 
subcarrier phase rotation is practiced in an OFDM system implementing multiple input multiple output 
(MIMO) techniques. 
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7 © V ;P 7 * 'J 7 • 7 7 7 A T* SI * ft S „ M I M O ^ - 7 © 5/ 7 7 A "? S , II ft © S 

iryfttty^ti/x-ft^/p ( ffi a © a 7j ) ^ssfl-rsfea&tffiffl^n^ s fc ffi ft 
©st/yf tay^tbx • f ( m ft © m tj ) ^ e. ft ^ * s it -r 5 /c & t m m * 

ft S o MIMO^XfAii, ^ < © V ;l/ 7 ^ X & & S :R fig T? * © fig 7J # ft ^ It 5 ft S 
, ^fttt#-A77-*-tti77 (S I SO) ->XfAtc:tel>TiSnJlT^5 9H-^X 

)i<-7vh*mmm^m*mmi£&iricmL<mmi£&2>o 02a, * « hj? © n w k % 

IS^tlSi^t, M ft $1 M 3 0 fi , ilJXi7yft3 8tiat5Il I FFT3 
2 , $ 1 G I H ta a - y h 3 4 , l5J:ffM(lS3 6, 33 «fc tf\ !2SI7^rt48 
tiiltSf 2 I F FT4 2, H2GI#i)Pa^>vh4 4, fcj;tfll2^jiS4 6^#^ 
0 ftO^T, lfiE3 0tt, S2gi7ytt4 8tlITSfiffl^7h -a^7h4 0^t 
^ 0 ffi ft © ^ IM r - ^ • ; ^ 7 ^ 7b X n (i S It ft , 2 0©SI7 > f t 3 8 , 4 8©# 
^(Cilf§l!§tf^Teg?n?o m 1 H SS (7>f t3 8tHt§) 7 tt , it 7' 
+ +';7l£tt§t8fil[fii'7HiEC64V\ 7" - ^ • 7 7 # ;1/ X n t± ^ 1 I F F T 3 2 

^ - h • <t y z - * & g i ft to a - <y h 3 4 «fc -d x n ffl m m m ^ t ta * e. ft s 0 * © 

ft , ^fig^fttcfg^tt, HliMfi777-t-3 8*^^fiT5/cfe(c:Sfi«3 6tcA7J^ft 
So fl 2 H g§ (7>tt 4 8tllt§) fi , ^ Hi 7 - # • 7 7 ^ ;1/ X n ffl V 7 h 

• a - y h 4 0 tioTSf ifiiJti, it 7 4=- + U 7 tc If T 5 fu ffl 7 7 h * 7 7 # ;P © 
#^tlffltS. * © ft , lu ffl 7 7 h $ ft ft 7 7 Jp ;l/ {4 , H 2 I F F T 4 2 , H 2 G I it 
iDa-7h4 4, fe<ttf®2Sii4 6tJ;oTfii?n, I2lf7>tt4 8^5? 
© ft S 19 * ft S o 

[0010] 

^7>t'J7tf IftSffiffiSi^ 2-90gf7>tt 3 8, 4 8 © '> 4 < 1 O (C 

IltSEIf-^ • ^y^/VtSAtSCitiot, ;J< ¥ 4 7 x - 7 7 7* * S it S 7 
7 -V 7 X • 7- * * ;l/ {4 , K 3D © }£ ? *f ® ? S C i: ^ # S IS S ft 3! K 6<J 4 7 ^ 7wV K m. 
fttSCt^^tS. BO © * fiSc 1? tt , S4S^7>t'J7icftgT5y-t>7B, 2 o 
©Si7>f t 3 8, 4 8©^7lciifflSftS 0 0^-TSIIffiM^ttt2O©iM{i777 
t 3 8, 4 8 ?^?nT^8*', 2*SASgf T^ftSIItSM I MO^-XOg 
ifflifiKA^tJoTfifflSnTti^CfctfBISnS. d © «fc o 4*fiScl?tt, ±}SLtc 
SI7ytt©'>4<ttl^li 1 it 7 4^ ■¥ y 7 (c # T S 14 ffl 7 7 h * , *f JS 
T5fiyy*;WcIfflt5t$5 5o 1 o© RltlftSiaSMtfli, t7*t'J7K«#t 
S ffl 7 7 M± , v;P77777*fiScT© 1 5gf7 y ft Ltlffl ? Ia5 

^ t tc , aast7>t'J7ttt#ts<Mffiy-ty7(i#7ytt(<:fffl^tiSo 
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[001 1 ] 

M I M O ^ - 7 © * 56 m © 'J» % < £ 1 o cd H M M E ^ T , 1 -fe <y h © B 32 $ fc It ¥ 
-B^Sra^x^hJbV 5^tnt-l/>XSl (B) tfj (c & § h - y • ^ j\, - 7° * t> L 

tgiv'y^/Hcii^ti^. n t - v y x # & it , v'XfAia'^TJistcgitt 

fg * lu m %/ 7 h © 7 7° P - =f V « , Miit 3 6 0 / B ( Jg ) £Dfifflv'7ba i V^f 
77x^M©}?Hs7yx^©'>&< fe loEHIt5BlOh->©*^;l/-^lcI 

M I MO^-X©giliit, C©7 7°n-f ^tfftS/cJ6Ef ffl?tlS^7^tU 
7 • 7'J7y7;^itl5 Of $S„ H^SnSiH, Sl7yff (ANTENN 
A 1 ) © it 7* + -V U 7 tc IS 3 T S 7° U 7 > 7* ;1/ 5 2 it , ffifi > >7MiS;<, S27>ft 
( A N T E N N A 2 ) © it 7*4=- + U 7 fc H jg f S 7° U 7 > 7" ;1/ 5 4 f± , t7>t'J7i<:« 
St5SS7i'7hSnT^5. *7*+t'J7tt, 3 0©SS^t-VyXSl (CO 
HERENCE BAND A, COHERENCE BAND B, COHERENC 
E BAND C) (c 9t SO * tl , # ^ fct S (£ n - !✓ y 7 If? « © fig "Z? S o 
IfiO^^ttoT, t7 + f 'J7tt, *7+t'J7if(C2^/B7^7> ( & S ^ tt 3 
60/Bfi) ^ltffiffl^7h*nS 0 * © ft . d © ^ ^ - > a s »03t-l/yX|«l£ 

MLti!)i?n§= c © e w « , 3$ftB*ntt±©7yft*ttsi'^fi.'i?fffl 

tSftftlcffiatSCfc^ttS. iiti\ ffi ffl ti , M#|Oiil7yftiTe i 2 * 

^ 0 ± IB e Wi © »] «t ^ if it > KTCtfc'OT'felio Ha«SKW*7i-Htt, n - U 
^Xff«±Bff-£?88. 7° U 7 > 7" ;l/ * a t - U y 7 # $ ± ic « * £ £ « T 5 fe S6 tc 

[0012] 

M I MO^-7CDi/7f ATSffl^n§SiJ©77°n-f T-tt, ^JCIi^tt, #7yff 
±©i^^ilWtI5*§c:fct < ];f)a*S7yf t^5Ii?ntfeJ;i\ T & 
, M#icii7yf t^5ii?n/ci^ii, iiwtt 1 7>f ttut (m-i 

) D Bf H it > 7° ;P fc It g tl T 0 , l l T\ DttJiffi«5S:3i®l?feSo d © K ffl tt , M is 
^ - ^ =r J it M f iJ © c <h A s $ 0 , *tpft*S*b*^o 

[0013] 

§7>tti^Cfli|5Iit§lf©Ii7>ft^SfflT§l^ (M I MO^-7 
O^XtACi^t) (c^CSWffifiDlott, ffl |rI tt 7 y =r i- • ^ * - > L fcf L ^ U 

IB f± , «»©jMfl7>-r^-*fi8(«:fcltS^*<fcfe 1 -3 © iM M 7 > f - H 31 f 5 it 7* * 
tVTCftfeElR^ti, C©JffitiiSi7>tti)SBttr©t7^t 'J7tl-3 
T M ffl [rI 14 © j& ft 1^ $ - > * s o I^ct^+t^cffilf/^-yti, c © s « * 
ffflbT> HM^MfatttT s c t; f± ? # * ^ ifl ;P - ^ iMM ^ - f- -r - • 

^xfitfe^T, ^ t © +>- ^ + u 7 © «s * z - > « m m w t » ft ft ft £ -r s c t ^ 

t7"+f 'J7tft§t§fifi^-^yX^ffflLt) #-©7>x^StcttlIS©77x 
[0014] 

14 {4 , *^ra©SUfiMlCt£-3T0 F DM'>XfA7O0 F D MjMIS {8 ^ * 5 IS 

t f ffl t S f: ©JiSi 7 0 ^ IS t § 7 O - t t ~ h § o SS70tt, MIMO^ 
- X © X f A *5 j; # M I MO^-XC^XtiOSJtt^T, mis 19 ^ * *E fiScT 5 
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/cfetfifSC^tfTtSo M I M O ^ - 7 © 7 X f A V f± , 7? & 7 0 f± , MAIf, II 

ns ( 7 n «y 7 7 2 ) o g M v y ft ii> f± , 7 > * < 1 1 fg i y y # ;i/ fc* j; ti fg 2 y y # ?v & 

# t? tf, ft * © S( © y y * ;F M A, T <£ ^ 0 # g ii y y # ;M± , 0 F D M y y ^ ;l/ 
©■tf-r/^yTKfcfjETSo fg 1 {A fg y 7 F ft^ fg 1 ^y^/l/EUT? t 7* + t 'J 7 t ft 
^tS^li/y^/Vtlffl^nS (^P^74) o fg 2 fu IB 7 7 h & fg 2 y > # )\>K H 
It5t^*+';7£tt#f5l2S'>*;HElffl*n8 (^n-yM6) 0 m If 7 - 
•Jx|8 (liif, ia7-'jx$«ft2) ffi ffl y 7 F L fc fg 1 «fc tf fg 2 y y # ;l/ * 

# t? y y & )]/ © 9 )]/ - 7° (c *f L » jft L T H ff * ft S (7"n7)78) o '> * < t 1 o © 
^H-fB> O F DMi§*£)St8fe6k:f ffl^nS^af^^^t^Ttt, it 7 * * 

V 7tcft§t5ftfi>'7 h * * ff <t l s f©l-^T(i^«?n§>'y*;v©^;i/~7 0 tt 
sn§. is* si sc ^ - u x m. m & n * t> ft ft , # - f • y y 7 - ^ ;f # £ s n £ is f§ e 

#HSnS. ^ © ft , * © fa ^ , RFgfIfiRtf±SS«*n, * # if H 

[ 0 0 l 5 ] 

H 5 fcfc, *fgH^©BlJ©HffiME^9 O F DMSfIOiifi}8 O^gt^P-^ltS 

ISJtlg^t, iM ft it M 8 0 tt , 7 * — 7 — F • X ^ — fl IE (FEC) ft *f # (3 
- 7 ) 8 2, 77/<84, £faxFU-A-^y7-y-^8 6, 7 f - 7 U y 7' • a - >y 
h8 8, S»0«lffl7-'JI8« (I FFT) a-7h 9 0, 92, 9 4 , lS©7y 
Tt 9 6, 98, 1 0 0 ©lOtt±*tO. FECS^§5 8 2(i, f © A7J ? f - ^ S 
ItlXD, ^&£&Sx^--:a-FEa^T^©x-7M^ffc-fSo I^SSSSi 
7- - 3-KOHn*fifflLTfeJ;^, -7>y/^84(i, ^fcS&SMX^-A (litff 
, BPSK, QPSK, 16QAM, 6 4 Q A Mfcitf /S ftttfflO^I) tl-J'^T? 

©f^ftf-^«?77 (?t) l, * © ffi 77 (c £ is y y si? ;i/ © y u r ;f • x f v - & * 
sst?„ © ft , s 7 h u - a • -r y 7 - u - ^ 8 6 b , * © s is y y * ;f © y u 7 

;F"XFy-A^ll©5ffl7,F'J-Al 0 2-\yy7-y-7TS 0 
^h'J-iiCCCiaSiSS'iftl^ns. X -r 7 U y 7 • x x >y h 8 8 « , SUXF'J 
-A • y y 7 - U - ^ 8 6 6. © S M X h U-Affi**SltlKt), ?fcgJ65^STIl 
t§>'>l;l/^Il!C7>ftIKl 0 4, 1 06, 1 0 S'xKo H lOCl 

SI M "Z? f± , 7 f" 7 U y 7 • X X <y h 8 8 (± , ( 7 U 7 71/ • 7 F V - h 1 0 2 T S if M S 
tx fc ) A 77 7* - 7 E 7 f 7 U 7 7 fx ?ij * S U 5 d t ic <t D , ^O«tg*^fig-rs 0 7>f 

tgei o 4 , i o 6 , i o 8 © # 7 fi , *f js t s ^ la y y >"F ;i/ ^ a m wl m m u m ^ e> b# 

llllltf jltSfcfetDMJStS I F F T 9 0, 92, 94^^<t? 0 I FFTHT 

HS^nT^stf, ffi « © 7 y 7 © n it 7 - u x s » ft m m l t t j; ^ n t # a » s n 5 

t-fe5^„ 7>ftl^l 0 4, 1 06, 1 0 8©#^tt, »jST27yft9 6, 98 
, 1 0 0 K » ft S o ft 3S © «fc 5 (C , FfI©^^7©7yft^«ffl?ntfeJ;l7 ffi © 
© g& (I^lf, ^ - F • ^ y 7 - ;F # in x x y F , R F 3M fi * if ) ^ , # I F F T t 
^©MBTS7>ff t©flt^$tiTtJ;^„ tt«©a©7yT-7HgS^€Fl^ftSo 
SHXF'J-Al 0 2© i( tt, 7>ffl SS 1 0 4, 1 06, 1 0 8 ©|t|L<T£, 

[0016] 

* 58 K © 7 > * < t fe 1 o © H ffl M -e » , X f 7 U y 7 • x x v h 8 8 f± , +J- 7 ^ U 7 
Ktt#t8ttffl®*7>ftgBl 0 4, 1 0 6, 1 0 8 © '> & < t fe 1 O (C ffl 77 * ft S 

x - 7 • y y * ;f -\ a « -r s /t a& tc is ffl * ft s 0 bz k * ft ^ «t 5 t , ^ 7 * * u 7 k 

f? y y 7 • xx^ f 8 8 fltifijti, mw.<Dmmis yxfricummttmt&r s 0 ma 
«\ #£©ifft-«ffi^n8xf 7 u y^ffju* v * fcLTii3«^> ^-©{ifflSttx 
f - 7 'J y 7 ff 5U * W T © cfc 5 £ fi ie -r s c t c <fc o t # ^ ft s o 
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[0017] 
[ft 1 ] 



V< w =d(/^;t)V 



D(/;t) = 



1 


0 


0 


0 




0 


0 


0 





[0019] 

[ft 2 ] 



(if iESr©Xf7 U y 9 ft ?0 f'SO, 
[ 0 0 2 0 ] 
[ft 3 ] 



fct -9- 7 * + U 7 © > 7* v 7 X V & 0 , 



Ac 



tt 9- 7 * u 7 ja & ft v & <o , s fc , t , ^ i 2 ii^(Si-§7>ftii§tiat5ii 

T'feS. 85Cii80l£6^T, S X - A l 0 2 © ft ^ 7 > x 7- II g§ © ft ^ L 
t^±f^, X f" 7 U > ^ff^J V * i± fl^lf ?U ( identity matrix) (C&Sf $55. £ © <fc 
5 ft ^ - X {4 , H5©«fiSc8 0fi, 12©|«3 OtIMtS c-fe5^„ 5 ^ f± , X 
7- 7 U > ^ fi n V * BS«§|£«a^^J-R?iJ-c'l-3TU(, litf, Kt^J 

n fc 9 * ;i/ a ?j #j -e t * ^ o 

[ 0 0 2 l ] 

IIJ HJ5 £ ft «t 5 ft IS ffi ffl Jl , i£©Xf7'Jy^fi?JV* 0»l£iffl?ti5. c © 

[ 0 0 2 2 ] 
[ft 4 ] 



IS 7 > f t * St S C t nj fg fe 5 o V £ ft It S ff © ft & If 7 > r 7" © ft T? D , 
*!J © ft (4 3 X h U - A © ft T? & § c ST, 7>f tStefgOll^ilt^c: fctiD 
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[ 0 0 2 3 ] 
[ft 5 ] 

V««> = V*D(/ tjc ;t) 

[ 0 0 2 4 ] 

L T , lEtffrflJD (f ; t) ©3^t£{4, ( M 18 7 > r t © K J; D ts L 5 ) SHXh'J 

- A © % "Z? <fe 5 o 
[ 0 0 2 5 ] 

I'SrSHIf * S S^J t (± ffi S © § ffl « 7 7 f - 7 * ft S M I MO^-X(D>'Xfi 
© Wc? L7 ± M £ ti fc ± $ © HC 10 f± , ISOSI7>ftteifff-©§|7>f 
T fc 1 1 * ffl ^ 5 7 X x a -e fe jg ffl ? # 3 C * If, || ? ^ £ V & S o 
[ 0 0 2 6 ] 

t (j ^ 14 © s s w «t tf * }g * a 4 a * © n * s 7 u x g g , nn^infej; 
y x f a ^ t f 1 1 § c ttff'?So A»j x tf\ a 7 ft m m m * t* . * 51 ^ © # ^ t± . 7 

-V U X • * >y h 7 - * 7 7 « m% m f 3 7 >y 7° h >y 7\ r X 7 F y 7 , /^ihy^fe 
«fctf/*fctt^^Uv F • n > b° a - 7 , • * y hy-*^^liStt8ffl 

a ffl t* s> x ;i/ fit « m a * (pda) , m w m is & <t tf fa © » # s 7 -< -v u x a m m , ^ 

- 7> , 7-f J rbX--r>7-7x7X-#-F (NIC) «fc tf ffi © * y F 7 - 7 • -f 
y X - 7 x 4 X * it , Mf3M*»0?§, feitf/SfettiCll, '7 X r h 33 «fc tf n 

y#-*yh©^T?Hi£g£nSo 

[ 0 0 2 7 ] 

7 P y 7 0 tfJ E * £ n ft ffl 7 © 7 n >v 7 ti * H W £ « fi£ « T» fe D , Ltl BO © m - 
F7x7g*£ftjSt-3&©T?«ft^£££!S!$t-^T?&3o M x. f£ , '>4<Hlo 
© H M m t± , 7 n y 7 0 (Ixlf, 0 1) © 7 n >v 7 © 2 S k It * n W ± t± , # — © 

( S ^ tt « » © ) r 7 ;b ffi II g B F*3 © 7 7 h 7 x 7 tfj i? m M 5 n T fc J; ^ 0 r S> 7 ;1/ 
I18IB, Ixif, Rfl?^n7"nt7t, x ^ 7 ;1/ m % 7° n -fe it (DSP) , ffi /> 
# ^ -fe y h • n > If a - 7 (R I SC) , ll^t-l!^ F • n > t£ a - 7 (C I SO , 
7 w - Jl F 7 P 7 7 A WT fg * y - h • 7 -f ( F PGA) , (AS 

I C ) 33 j; t? / * Tc f± ± IB © ffi ^ # i? ffi © © # t? o ^ - F 7 x 7 , 7 7 h 7 x 7 

, 7 r - h 7 x 7 .j; / * fc f± m -r 7 v v f ^ g &m m -& n t t J; ^ 0 

[ 0 0 2 8 ] 

M^Opffl&fBiE-efi, * % ^ © « 7 * # a (j , Iffl « © Ifl S ?: □ 1 ft t 5 1 S 

ftL5, ^ © II * II # S -T 5 <t 9 tc , fij 14 © 5 W ffi f± , 

li ^ * n # ^ m w ij © -r ^ x © # % «t d ^ * < t sf ty 0 

[ 0 0 2 9 ] 

S «t ffi H ^ S M JRS ^ ft , ^lEfcMtffiSSftSo c © J: 5 ft IE fe J; tf S S f± , * 
56HHfcJ;tf^M^nfcff*ll©fSHrttfeSi;#^P,nSo 

[ H ffi © ffi # ft Itt W ] 

[ 0 0 3 0 ] 

[hi] *^K©*ssMtc^ o mxmmm.ftm%m (of dm) mmi&m<DMf&.itm*T 

S 7 P <y 7 H "Z? <fe 5 0 

[12] * 56 HI! © H % ffl fc t£ 5 M I MOt-XCi/XfiffT-fffl^nSO F DMSII 
[13] *56HH©^ffiMt^9 20©gi7yf t*tt«M I MO^-X©Sfi©i 
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/Sf-fffiffl^nsif^^+yr • y° v r y 7 jv <d m * m & t s a -z? & s 0 

[14] *M<D«M tc ft a O F DM3MM^££fi8T5l8K€fflT5;£ffi©W*H;S 
[15] * £ BJJ CD gij CD HJS ffl \C W 9 M I M0'<-XOVXfi 1 ft?ffifflSn80 F DMi 
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7^U#^B *'J7*;l/-7ffl 9 5 1 3 4 +J->/-t? V* • U7ls* • J-Xh2 5 f- 

>^-4 0 8 
(72)|§BJ§# sJyl/K ^-X 

7^U#^B *U7*;l^7'>N 9 5 7 6 2 x;l/K5 Kfc;l/X ^>;^X2 3 3 7 
FX~A(##) 5K022 DD01 DD13 DD19 DD21 FFOO 
5K059 CC01 



